The effects of the muscarinic agonist carbachol, histamine and bradykinin on incorporation of [3H] 
INTRODUCTION
The initial contractile response to agonists in airway smooth muscle is mediated through an increase in cytosolic [Ca2"] released from intracellular stores (see Rodger, 1988) and appears to be independent of membrane potential or extracellular Ca2l concentration (Small & Foster, 1986) . A variety of spasmogens have been demonstrated to induce the hydrolysis of membrane phosphoinositides in this tissue (Grandordy et al., 1986 (Grandordy et al., , 1988 , and Ins(1,4,5)P3, the immediate product of Ptdlns(4,5)P2 hydrolysis, has been shown to release Ca2l from non-mitochondrial internal stores in permeabilized tracheal smooth-muscle cells (Hashimoto et al., 1985) . Diacylglycerol is also generated after receptor-stimulated hydrolysis of PtdInsP2 (see Berridge, 1987; Takuwa et al., 1986) , and there is now growing evidence that the consequent activation ofprotein kinase C is important in maintaining the contractile response (Rasmussen & Barrett, 1984; Park & Rasmussen, 1985) . Baron et al. (1984) Jones & Michell, 1974; Hanley et al., 1980; Monaco, 1982) . However, airway smooth muscle appears unusual in respect to the magnitude of this response, and we have therefore used this model to examine in detail the effect of agonists on the incorporation of [3H] were sedimented by centrifugation and the tissue pellets washed with 1 ml of 500 (w/v) trichloroacetic acid/ 1 mM-EDTA followed by 1 ml of water (Griffin & Hawthorne, 1978) . The phospholipids were extracted as described by Downes & Wusteman (1983) and deacylated as described by Wells & Dittmer (1965) (Fig. 3a) . Total pendent changes in phosphoinositide labelling produced by agonists.
The above experiments were all performed with slices that had been labelled with relatively low concentrations of myo-[3H]inositol and for a short time period (60 min). With longer prelabelling periods the agonist-sensitive phosphoinositide pool can be more fully labelled with [3H]inositol, decreasing the subsequent agoniststimulated incorporation effect. Prelabelling slices for 0.5, 2, 4 or 6 h and then stimulating them with 1 ,iM-carbachol for 30 min in the presence of 5 mM-Li' resulted respectively in 5.7 + 0.4-, 2.6 + 0.7-, 1.1 + 0. (Takenawa & Egawa, 1977; Egawa et al., 1981) . As in rat cerebral-cortical slices (Fig.  3b) , which would be consistent with true steady-state labelling.
Vol. 262 Table 2 shows that carbachol (1 /M) stimulated the incorporation of [3H]inositol into all three phosphoinositide pools, with a slightly greater effect on PtdInsP2 (mean fold stimulations PtdIns 2.9, PtdInsP 2.9, PtdInsP2 3.7). The degree of stimulation for Ptdlns is slightly lower than would be inferred from Table 1 and Fig. 2 (Hall & Hill, 1988) . Almost certainly the major substrate, at least over the first few seconds of agonist stimulation, is PtdInsP2 (Takuwa et al., 1986) , with the production of Ins(1,4,5)P3, which then undergoes dephosphorylation to Ins(1,4)P2 or phosphorylation to Ins(1, 3, 4, 5) (Somlyo et al., 1988) . However, the emphasis in the present work was to examine the relationship between muscarinic-receptor occupation and the accumulation of [3H] inositol phosphates in the presence of Li', which prevents their dephosphorylation to inositol (Allison & Blisner, 1976; Berridge et al., 1982) . Furthermore, we were intrigued to observe the magnitude of the effects of carbachol and histamine and to a lesser degree bradykinin on stimulating the incorporation of [3H]inositol into the phosphoinositides, especially as this had not been previously reported in this tissue (Grandordy et al., 1986; Duncan et al., 1987) .
Although stimulated labelling of the inositol lipids would be expected as a consequence of agonist-induced hydrolysis, and indeed formed the basis of the first observation of a 'phosphoinositide response' by Hokin & Hokin (1953) and many other early studies (see Michell, 1975) , the extent of agonist-induced [3H]inositol labelling in tracheal smooth muscle is considerable. Although Aub & Putney (1984) have reported a 4-fold increase in
[3H]inositol labelling by the acl-adrenoceptor agonist phenylephrine in the parotid gland, agonist effects on [3H]inositol incorporation into the phosphoinositides are generally relatively small, e.g. in rat salivary glands (Hanley et al., 1980; and see Irvine et al., 1982) , or not demonstrable, e.g. in rat cerebral cortex (I. H. Batty & S. R. Nahorski, unpublished work). The extent of the labelling effect in BTSM may reflect either a relatively discrete pool of phosphoinositides associated with the agonist-sensitive phospholipase C or very low turnover of this pool under basal conditions. Certainly, even in the absence of Li', prolonged maximal carbachol stimulation depletes the labelling of PtdlnsP and PtdInsP2 in this tissue, and when Li' is present this effect is also seen with the much larger Ptdlns pool. Since these changes were also observed after steady-state labelling had been achieved, they almost certainly reflect actual changes in phosphoinositide mass, and are in agreement with previous mass measurements of the polyphosphoinositides in this tissue (Takuwa et al., 1986) . These data also suggest that in the absence of Li' the conversion of Ptdlns into PtdlnsP by the Ptdlns kinase may be ratelimiting under conditions of maximal receptor stimulation and hence maximal PtdInsP2 hydrolysis. This is in contrast with the parotid gland, where during prolonged agonist stimulation the PtdInsP2 pool size is maintained at the expense of PtdIns even in the presence of Li' (Downes & Stone, 1986) . The probability of a relatively small phospholipase C-linked phosphoinositide pool within this tissue or a pool that turns over slowly under basal conditions is supported by the very low levels of [3H] InsPs accumulating in the unstimulated slices.
A few studies have suggested that agonist effects on phosphoinositide metabolism may be more complex than previously suggested, i.e. a simple compensatory resynthesis of the phosphoinositides consequent upon receptor-mediated hydrolysis The practical consequences of this agonist-induced stimulation of incorporation of [3H]inositol into the phosphoinositides, which was of similar magnitude for Ptdlns, PtdlnsP and PtdInsP2, are well illustrated in these studies. Although agonist stimulation may evoke an increase in Ptdlns and polyphosphoinositide concentration through stimulating a net synthesis of the phosphoinositides (see Downes & Michell, 1985) , the marked effect on phosphoinositide labelling is likely to result predominantly from changes in [3H] (Aub & Putney, 1984 ; and see Hokin, 1974) . Furthermore, [3H]inositol should be present throughout the period of receptor stimulation to prevent subsequent falls in specific radioactivity resulting from depletion of radiolabelled substrate.
Finally, it should be noted that, even under conditions of steady-state labelling, the EC50 for carbachol-stimulated [3H] InsP accumulation in BTSM is clearly displaced from the occupation curve for carbachol at the muscarinic receptor. This has been observed in rat and guinea-pig parotid gland (Jacobson et al., 1985; Ek & Nahorski, 1988) , and differs from cerebral cortex, in which there is a near-linear relationship between muscarinic-receptor occupation and [3H]InsP accumulation (Ek & Nahorski, 1988) . Consistent with this phenomenon, partial agonists such as oxotremorine produce relatively much larger [3H] InsP responses in parotid than in cerebral cortex (Ek & Nahorski, 1988; Brown et al., 1984) and are nearly full agonists in this respect in BTSM (E. R. Chilvers, unpublished work). It is unlikely that this phenomenon is a consequence of the agonist-induced labelling effect seen in BTSM and parotid (Aub & Putney, 1984) , since it was also observed under conditions of steady-state labelling. However, it may suggest that there are important differences in receptor-occupation response relationships in these tissues that may relate to their function in pharmacomechanical/secretory coupling.
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